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ABSTRACT 


Sixteen male university students were tested for rec- 
ognition of and reaction to a visual display of four lights 
arranged in a square. Combinations of light on/off patterns 
were numerically coded from zero to fifteen. The stimulus 
light pattern was self-initiated and as soon as the S recog- 
nized the pattern he responded by depressing the appropriate 
number key on a panel before him. 

Subjects were randomly assigned to four treatment 
groups: a light-on, changed stimulus group; a light-on, 
unchanged stimulus group; a light-off, changed stimulus 
group; and a light-off, unchanged stimulus group. Each S 
participated in eight sessions, six trials of each pattern 
per session. 

The experimental design was a three-factor split- 
plot arrangement. The single dependent variable was 
decision time. 

The experiment yielded a highly significant 
difference between stimulus patterns. It was concluded that 
Ss appeared to be processing sequentially in this task. The 
direction of the results indicated that in a complex task 
the changed stimuli will result in a faster decision time 


than unchanged stimuli. 
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CHAPTER 1 


STATEMENT OF THE PROBLEM 
Introduction 


Various attributes of both stimulus and response are 
known to affect reaction time which has been used as a 
principle measure of human processing time. Craik (1947), 
Hyman (1953) and Morin and Grant (1955) have shown that for 
a more complex stimulus, longer reaction times can be 
expected. Fitts and Deininger (1954) and Fitts and Seeger 
(1953) indicate that both stimulus and response codes are 
factors to be considered in choice reaction times. 

Mowbray (1960) and Mowbray and Rhoades (1959) have 
demonstrated the ability of humans to substantially reduce 
choice reactions with practice. More interestingly, Fitts 
and Seeger (1953) as well as showing this trend, have shown 
that over a three-month period the highly compatible stimulus 
response codes continued to result in better performance than 
less compatible stimulus response codes. This would seem to 
imply that humans process information sequentially or 
serially; indeed, the idea has been in the literature since 
the time of Donders in 1868 (Biederman and Kaplan, 1970). 
Neisser (1963) however, presents information which indicates 
that man can process information simultaneously. 

Yet another aspect of reaction time as a measure of 


human processing time is the readiness or anticipation for 
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2 
the stimulus by the appropriate receptors. Simon, Craft and 
Webster (1971) indicate that there exists in humans a marked 
tendency to react toward the source of stimulation. With 
visual stimuli various factors such as the light intensity 
and exact area of the eye stimulated have created ambiguity 
in the results of other studies which examined whether Ss 
reacted faster to changed or unchanged stimuli, or whether 
SSeleacrecdstas len eslLOm Onmsom wOni. soci lee Onda Co; MO 
studies have been reported which examined the effect of 
changed or unchanged stimuli when the task required of the S 
was complex. 

Photoreceptors in the eye are now known to be 
organized into receptive fields. Kuffler (1953): found 
numerous receptive fields in the cat's retina that were 


either "on" or "off" center orientated with opposite type 


SuETOUNdS.. Sloat ILS, witea particulary On  scentersoi.a 
receptive field was stimulated by a flash of light it 
immediately sent a discharge pattern to higher centers. 

An "off" center receptive field required a light stimulus 

to be ceased for it to fire. Hubel and Weisel (1959, 1961, 
1962, 1965, and 1968) have extensively examined the receptive 
field geometry of the visual system. While their major 
contribution has been from investigation of higher order 
receptive fields such as those in the lateral geniculate 
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Purpose of the Study 


In a pilot study, Wilberg and Handley (1971) examined 
human processing time as a function of the nature and complex- 
ity of the stimulus within certain limits. The stimulus was 
either an "on" stimulus or an "off" stimulus and the task 
was such that Ss were required to decide which of sixteen 
stimuli was being presented. The study supported the notion 
that Ss processed information more in a sequential manner 
Ehanoinjagsimubtaneouseone.eein the study Ss reacted faster 
to lightsscoming onmthantto lightsageingmoff. tThe signifi- 
cance of these trends decreased as learning between test 
trials decreased. 

An examination of the effect on processing time of 
ablecombinations,ofaslight en-ofifestimubicattaccriterion 
level of learning is the primary basis for the present study. 
The present experiment is the logical progression of the 


Wilberg and Handley study. 
Ties PeopoLen 


It was the purpose of this study to examine the 
effects of certain factors on processing time in a choice 
Situation. The factors chosen were: complexity of pattern 
of each stimulus, nature of the stimulus in terms of light 
coming on or going off, nature of the stimulus in terms of 
the change of the stimulus, and rates of learning over 


trials for the different stimulus treatment groups. 
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Definition of Terms 


Decision time (DT). Upon a ready signal S prepared 
himself, then depressed a microswitch thereby creating a 
stimulus. As soon as S knew which stimulus pattern was 
being presented he released a microswitch and responded 
towards an appropriate numbered microswitch. Decision time 
as considered to be’ that time required fer § to process the 
stimulus as determined by the length of time the initiating 
microswitch remained depressed. 

Movement time (MT). Movement time is that time 
elapsed between the release of the center microswitch and 
the depression of the appropriate numbered microswitch. 

Processing. In experimental psychology, processing 
is a term used to describe the general concept of the brain's 
Organization, assimilation and effectuation of stimulus 
information. 

Light on stimulus/Light off background (LON,). 
Treatment condition in which the appropriate stimulus pat- 
terns were the lights which came on. 

Light on stimulus/Light on background (LONy). 
Treatment condition in which the appropriate stimulus pat- 
terns were the lights which remained on. 

Light off stimulus/light on background (LOF,). 
Treatment condition in which the appropriate stimulus pat- 
terns were the lights which went off. 


Light off stimulus/Light off background (LOF,)). 


Treatment condition in which the appropriate stimulus 
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patterns were the lights which remained off. 
SCinulusspatternsu(ShO0 mol ler. OF LO) 8 Any eight 
OLrecombination of lights ana tour-lLight display could be 
controlled by E tofevtherOcomesontommstayzorf. The sixteen 
combinations of the four lights are the sixteen stimulus 


patterns used in this experiment. 
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CHAPTER 2 
REVIEW OF THE LITERATURE 


This review is delimited to studies of onset and 
offset reaction time, and to relevant studies on the question 
of how humans process information. For an overall review of 
the characteristics and implications of reaction time 
studies, some pertinent monographic sources are: Fitts and 


Posner (1967); Smith (1968); and Teichner (1954). 
RT to Onset and Cessation of Visual Stimuli 


RT studies to the onset and cessation of stimuli 
began just after the turn of the century. Wells (1913) and 
Woodrow (1915) agree that there is no appreciable difference 
between onset RTs and cessation RTs. Woodrow's study had the 
added dimension of several levels of light intensity with 
still no appreciable differences occurring. Others (Jenkins, 
1926; Pieron, 1927; and Steinman, 1944) have concluded that, 
contrary to Woodrow's findings, RTs obtained by stimulation 
of low luminance levels, are faster to offset than to onset 
Stimuli. 

Rains (1961) examined RT to onset and cessation of 
a bright, large flash against a dark background and found no 
difference but did suggest that ". . . differences may be 
apparent when a small, dim, peripheral flash is employed." 


Pease and Sticht (1965) examined the luminance and 
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7 
foveal-periphery influences on onset and offset RTs. While 
the offset-onset factor was not Significant, luminance value 
was highly significant. The foveal-periphery factor analysis 
indicated that the RTs to offset stimuli in the foveal area 
were faster than onset, but in the periphery the opposite 
occurred. Pease and Sticht's results aid in the explanation 
of some of the earlier discrepencies. That is, with low or 
moderate luminance the offset RTs can be faster than the 
Onset RTs if the area stimulated is the fovea, however ". .. 
the difference (offset faster than onset) may be eliminated 
or even reversed, by increasing luminance of the stimulus to 
a high level." 

Bartlett, Sticht and Pease (1968) measured onset and 
offset RTs to two wavebands (red and blue) in both the fovea 
and periphery. Their findings confirmed the previous con- 
clusions regarding quicker onset RTs in the periphery; that 
is, the peripheral system yielded faster RTs to onset than 
to offset stimuli of both wavebands. There was no signifi- 
cant difference between onset and offset RTs to stimuli of 
either waveband in the foveal region. 

The finding that in the periphery the onset RTS are 
faster than offset RTs provides behavioral evidence for the 
electroretinogram studies which indicate that the off effect 
is far mor€ conspicuous in cones than in rods (Granit, 1955). 

Pursuing a behavioral course Versteeg (1970) studied 
onset and offset RT variability as a function of the proximity 


to a border in a visual field, in hopes of providing evidence 


ssieoqgo sft yiedeizeq sdj at jud \deeno matt <9$e82 si98W 
not¥anelqns edé¢ di Bis s¥tvday e'sdoise bus ocaill |. Batxus00 
xo wol ndiw ,ei taadT .eeronegezoatb asifses ottd’ to amos to 
edd maid istest od ned eTH t5eit0 efd sonsntmul otasbom 
. » ." xevewod ,sevoi oft at hogsiumite sexs sid ti eth joeno 
Bstenimifs ed yen (teado fags tetest 392270) sonore tib ez 
6+ eulumisze otf to sonenimel pniasesoni yd ,beserevss neve zo 
*,fevel dpld « 

bis jsaco bextesom (RdCf) ses09 bie tdoLz2 sisisapa 
savor sit dtod ak (ould Bie beu) ebasdsvew ows oF STH joe320 
="05 SuCIVS7q oft bemitinos, aonibmts nent -yrenhqizeq Ses 
jada ~yseiqiieq sit pi efA gezno xeAciup pnibrepes anoieulo 
asdjd 3ae2no oF ST? teasast bebioiy mateye Isietiqixzsgq sd ,as 
~ttinpie on ssw Soadt .ebasdevew itod io ilpmive yoatto of 
40 ifumiste oF 2TH jas2to Hrs “4tSs2n0 ngewied sonstetiib InBS 
nOkbsx Insvot siz ni basdsvew vertele 

936 eT# seano SH yterdgiusg sft ai -tsd3 patbati edr 
edd x02 sonabive istoivaded esbivoyy eTA 792370 obit west 
gostie Io edd ysis stsoibai dothiw sotbude mszponitesad td sie 


. (2201 ,dinazd) ebox mt ass esnon ni evoustgsnos St0m 1st at. 


betbuse (O0Tel) pastexsv sexuvoo Isxotyered 6 pnivexst 


ytimixoxq of 20 noidoayt « en ysiildetrev TH #oat2o bas teano 


sonsbive paibtvoug Yo Beqor at \bist? iepatv = at teBzod # od 


nae Ssaiae edd. mk eee $8220 oF at of se badnotbat 


\ 


¥ 


for the contrast-boundaries perceptual problem usually 
labelled as a lateral inhibition phenomenon: 

Border contrast effects are most frequently attributed 
to lateral inhibitory processes in the retina. Each 
element in the retinal mosaic inhibits the activity of 
its neighbors to a degree that is greater the more 
strongly it is excited. Thus a group of receptors that 
are within the region of high illumination but close to 
the border will receive less inhibition than a group of 
receptors that are well inside the region where all of 
the closely neighboring receptors are brightly lighted. 

Indeed, Versteeg did find this to bear out in his 
study. Subjects generally appeared to be faster to offset 
stimuli than to onset stimuli, however, the result was not 
statistically significant: 

Simon, Craft and Webster (1971) comment on evidence 
in information processing studies which seems to indicate 
that there exists in humans a marked tendency to react 
toward the source of stimulation: 

There seems to be an initial tendency to react to 

the source of a stimulus rather than to its meaning, 
and the necessity for overriding this initial response 


tendency produces the observed delay in information 
processing. 


Simon, GGwal.« had.ss respond »to ;thesonset on offset of one 
light in a simple two-light display. After examining 
reactions under the four conditions of on and off, they 
concluded that reactions were faster to the element of the 
display which had changed. 

In this study onset RTs were considerably faster 
than offset RTs (320 msec for onset--578 msec for offset); 
yet, Simon, et al. are quick to warn against using their data 


to make such a comparison without considering rise times. While 
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9 
the apparatus section of their report is not elaborate enough 
to enable calculation of such important times, it seems 
unlikely that rise and decay times will account for the 
difference of 258 msec. 

In the studies mentioned above, with the exception 
of that by Simon, et al., the RTs could be classified as 
simple. The direction of onset and offset RTs have yet to 


be fully explored, in choice situations. 


Information Processing Behavior 


There exists in the psychological literature several 
notions concerning the manner in which humans process infor- 
mation and arrive at decisions required by choice situations. 
Most recently, a controversy has arisen as to whether or not 
the processing, or discrimination between multi-dimensional 
objects is accomplished by comparing the objects one dimen- 
sion after the other (serial mode) or by comparing the 
objects on several dimensions simultaneously (parallel mode). 

Based on the research directed at resolving the issue 
of serial versus parallel processing, numerous studies pro- 
vide evidence in support of serial processing (Briggs and 
Blaha, 1969; Burrows and Murdock, 1969; Egeth, 1966; Harris 
and Haber, 1963; Lethio, 1970; Olshavsky and Gregg, 1970; 
and Sternberg, 1966). However, and equivalent body of 
research has been carried out which supports parallel 
processing (Donderi and Zelnicker, 1969; Egeth and Pachella, 


1969; Hawkins, 1969; Neiser, 1963; and Tulving and Lindsay, 
LOGI )G 
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The evidence which favors one processing mode over 
the other, plus the evidence fthele cannot support either 
processing system (Atkinson, Holmgren and Juola, 1969; 
Lindsay and Lindsay, 1966; and Sekuler and Abrams, 1968) has 
created a renewed interest in the study of the relevant 
variables of the processing experiments. 

For example, Garner (1970) states: 

The role of the stimulus needs to be studied, and 
concepts based on stimulus properties must be evolved 
before we can truly understand how the organism pro- 
cesses information. 

Bindra, Donderi and Nishisato (1968) have demonstrated 
the importance of the codability of stimulus dimensions as an 
important factor in determining whether same judgments are 
faster than difference judgments. 

Orenstein (1970) studied the effects of stimulus 
discriminability, stimulus frequency and response frequency 
in a choice reaction time task and found that stimulus 
frequency and discriminability were most influential in 
determination of the CRT. Fitts and Deininger (1954) and 
Fitts and Seeger (1953) stressed the eer eanee of stimulus 
and response codes in choice reaction tasks. 

Grill (1971) has indicated that under certain 
conditions of task complexity and practice a gradual shift 
from serial to parallel processing can occur. Similarly, 
Townsend (1971) suggests that for some psychological systems 
S may be able to manipulate the manner in which he distributes 
processing energy over the elements to be PROCES seQ ie. yom 


not within a single trial, perhaps from trial to trial." 
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Thus S might proceed from a serial to a parallel processing 
system. | 
The notion that humans can process information both 
serially and simultaneously is not unsubstantiated. Neiser 
(1967) proposed an hierarchical model in which decisions can 
be carried out simultaneously at each level of the hierarchy, 
while they occur serially at different levels. Marcel (1970) 
states: "One may attend to events simultaneously if they are 
on two functionally separate channels, but not if they are on 
functionally the same channel." 
The "state of affairs" in this field of research is 
perhaps most appropriately summed up by Grill (1971): 
On the basis of the results of previous research, 
it seems fairly obvious that expecting to resolve the 
categorical issue of serial vs parallel processing is 
at least unrealistic if not unwarranted. Instead, it 
would appear that the most profitable direction for 


research would be to ascertain the factors that are 
potentaallsources OLsvariarions 2 wo. 
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CHAPTER 3 


METHODS AND PROCEDURES 


Experimental Design 


A three-factor split-plot design was used in this 
experiment. The between factor consisted of the four 
conditions of the light stimulus (LONc, LONu, LOFc, and LOFu). 
Trials and stimulus patterns were the two within factors of 
the experiment. The single dependent variable was DT. 

The following analyses were performed on the DT data: 


1. Analysis of variance--Treatments by Patterns by 
Tina lst 


2. Duncan's Multiple Range Test--Stimulus Patterns. 


3. Analysis of variance--Ss by Trials by» Patterns 
(Patterns ordered by stimulus value). 


A. Analysis OL variance-—Ss by Trials) by, Patterns 
(Patterns ordered by actual combination of lights 
Oleands@ bi)e. 


The alpha = 0.01 level of rejection was used for 


all tests. 
Subjects 


Sixteen male University of Alberta students were Ss 
in this experiment. All Ss were right-handed and had no 


apparent visual or motor impairment. 
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Apparatus 


A sturdy response panel which consisted of a centered 
microswitch and sixteen equidistance microswitches numbered 
from zero to fifteen, was bolted to a table (see figure l). 
A stimulus box containing four lights was placed on the wall 
directly in front of, and at a distance of five feet six 
inches from the center of the response panel (see figure 2). 
Electric circuits were arranged such that any combination of 
the four lights in the stimulus box could be preset by E. from 
his control position (see figure 3). 

The power supply to the four lights was via an 
Electro Model NFRB Filtered DC Power Supply. Voltage to the 
light source (four GE 50 bulbs) was kept constant at nine 
VolUs. 

The four light stimuli subtended a visual angle of 
approximately two degrees. 

By means of a relay switch (1R-640V-2C-120A GE All 
Purpose Relay) and two latching relay switches (1R-640L-C115 
GE Latchinggrelayjmcawas POssiblesrors SitOminitiate the 
stimulus preset by E. Two Hunter Thousandth Second Clock 
Counters were used to measure the elapsed time for recogni- 
tion of GEhewpatteni,mep. , sand ChemelapcedmtimesrOrnesthe S to 
move to the appropriate number key, MT. 

Four latching relays enabled E to set the ambient 
condition of the stimulus box to either all lights on for 
the LONu and LOFc experimental groups or to all lights off 


for the LONc and LOFu groups. 
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Table 1 


STIMULUS-RESPONSE CODES 


Treatment Group 


Stimulus Pattern LONc LOFu LONu LOFc 
SPO fs) 0 15 0 15 
SPl 28 1 14 il 14 
SP2 ts) 2 13 Z 13 
SP3 =8 3 12 3 uy 
SP4 60 4 ial 4 sal 
SP5 25 5 10 5 10 
SP6 ere) 6 9 6 9 
SP7 =o 7 8 7 8 
SP8 Of 8 | 8 7 
SP9 os 9 6 9 6 
gallo ee 10 5 10 5 
ent ae ibn 4 ie 4 
SP12 = 2 3 1 3 
Spi eS 13 2 13 2 
SP14.  o- 14 il 14 q 
SP15 == 15 0 15 0 

a 
- = light on 
o = light off 


i =5 0A = 
aL == ef¢2 
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Haches received 'six randomly arranged presentations 
Obveach = partern, preset by in aesingle session, “The E 
monitored DT, movement time and correctness of response on 
the first five presentations each session, and recorded the 
Dipongthessixthetriain mache Supanticitpated in eightesessions, 
The first seven sessions were considered training sessions. 
Data for the experiment was recorded during the last three 


trials in the eighth session. 


CHAPTER 4 
ANALYSIS 


Hypotheses 


Based on a review of the literature and following 
directly from the problems of this experiment as stated in 


Chapter 1, five hypotheses were formulated: 


Boesch Ole SP l= i ae SP 1S 

Ho: LONc = LONu = LOFc = LOFu 

H3: LONc + LOFc = LONu + LOFu 

Hy: Learning curves to be similar for each treatment 
group 

H.: Trial 46 = trial 47 = trial 48 


Decision time measured in milliseconds was the dependent 
variable for these hypotheses. 

The first hypothesis was stated in the null form as 
the review of literature revealed a controversy between 
serial and parallel systems of information processing. Also, 
the kind of processing which would occur in the present task 
was not predictable on the basis of the stimulus properties, 
in that no previous study had used an analagous stimulus 
presentation. 

The second hypothesis was stated in the null form as 
the evidence in the literature is inconclusive with regards 
to reaction to onset and offset stimuli especially under 


choice situations. 
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Faster reactions to the changed element of a display 
has been demonstrated by Simon,et al. (1971). However, it 
is felt their study was insufficient proof for stating the 
third hypothesis in other than the null form. 

Hypothesis four was stated in the null form because 
of an absence of any prior publications concerned with 
learning rates under conditions present in this experiment. 

The fifth hypothesis was stated in the null form as 
it represented the criterion level of learning for the study. 
A rejection of this hypothesis would indicate that Ss were 


not consistent enough at this stage of their practice. 
Results 


A three-way analysis of variance was computed and is 
summarized in Table 2. As this experiment involved repli- 
cations, assumptions underlying the analysis of variance may 
have been violated. Geisser and Greenhouse (Edwards, 1968) 
have shown the effect on the degrees of freedom by the maxi- 
mal amount. Assuming maximal violation of those assumptions 
in the present study, the conservative test of Geisser and 
Greenhouse has been used where applicable. Reactions to the 
sixteen stimulus patterns yielded the only significant F 
ratio in the analysis. 

Treatment groups were combined to examine whether Ss 
responded faster to changed or unchanged stimuli. The 
results of this second three-way analysis is summarized in 


Table 3. Once more, only the stimulus patterns effect was 


Sigiucacaut. 
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TABLE 2 


SUMMARY OF THREE WAY ANALYSIS OF 
VARIANCE. FOUR LON/LOF TREATMENT GROUPS 


SOURCE SS df Con.df MS F 
Treatments (A) 386816 3 3 128938 0.16 
S (A) 939750 ih a LoolZ5 
Trials 116736 2 a 58368 4.45 
Trials by 

Treatments Te2uo2 6 3 P2082 0.92 
Wig ehsMtsy Be Gy) 314624 24 12 13109 
Patterns 14691584 5 iL 979438 21.1** 
Patterns x 

Treatments 2043904 45 6) 45420 0.98 
Patterns x S(A) 8354816 180 ioe 46415 
Trials x 

Patterns AB 752 30 il 15291 a3 2 
Treatments xX 

Trials x 

Patterns 897024 90 3 9966 0.86 
Trials x Patterns x 

S (A) Anlieie/ alas 2 360 2 11603 


**D<0.01 
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TABLE 3 


SUMMARY OF THREE WAY ANALYSIS OF 
VARIANCE - CHANGED OR UNCHANGED 


SOURCE SS 

Treatment (A) 192768 
S (A) 9591552 
Tee us 116736 
Wigla ls es eh 60416 
Mica loess SCA) 326912 
Patterns 14691584 
Patterns x A 376064 


Patterns x S(A) 10022656 


Trials x Patterns 458752 
Treatments x Trials 


x Patterns 367104 
Trials x Patterns 
x S(A) 4713728 
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In an effort to determine the nature of the signifi- 
cant patterns effect, a three-way analysis of variance, 
Patterns by Ss by Trials, with the patterns grouped as per 
actual stimulus rather than stimulus value, was computed. 
The results of this analysis are summarized in Table 4. 
Table 4 also contains a summary of the analysis for Ss by 
Trials by Patterns with the patterns ordered by stimulus 
value. Paterns, Ss and the Patterns by Ss interaction were 
Significant factors regardless of how the patterns were 
ordered. 

The difference between stimulus patterns when ordered 
by stimulus value was anlayzed by Duncan's New Multiple Range 


test. etihis= cest is-vllustracea in rable 5. 
Discussion 


stimulys patterns. | The patterns Seffect as indicated 
in Table 2 was highly significant. Consequently, the first 
hypothesis, which was stated in the null form, was rejected. 

At the completion {ef testing Ss invariably reported 
that they felt they were responding equally to all patterns; 
that they no longer sampled each element of each stimulus 
but rather responded to the configuration of all four lights. 
If this were so, one might suspect that Ss were simultaneously 
processing all four elements of the display. DTs between 
patterns should be approximately the same. The analysis does 
not support the Ss subjective reports. In fact, a very 


large difference did occur between DTs for the different 


patterns. 
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TABLE 4 


SUMMARY OF THREE WAY ANALYSIS OF VARIANCE 
STIMULUS PATTERNS ARRANGED BY NUMERICAL VALUE 


SOURCE™ SRP Con.dir es 
Patterns (PAT) a5 ak 979469 86.41** 
Metals?) (ERT) 2 al 58556 SLs 
PAT Se OR. 30 ie 15346 i rie Ys) 
SUBJECTS (S) 15 15 652323 57. 55** 
PAT x S 225 DS 46245 4.08 
TRI exvs 30 15 12945 1.14 
ERROR 450 Ls 11334 


Jit Jo CeLO) LONE 


SUMMARY OF THREE WAY ANALYSIS OF VARIANCE 
STIMULUS PATTERNS ORDERED BY ACTUAL STIMULUS 


SOURCE DF Con .dt MS F 
Patterns (PAT) Ane) ut 487371 Alo 7 ** 
Treravs eC Rl) 2 it B35 50 D203 
eee Lae 30 al LOW 19 OR 
Subjects (S) AS) ie) 652323 BO m0 4 
PAT x S 221 cS) 7 90DL he FE) 
Rex so 30 as) 12945 hod iah 
ERROR 450 1s) L659 
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The manner in which Ss did perceive the sixteen 
patterns has interesting uiamicaesone in terms of the simul- 
taneous-sequential processing controversy. The results of 
the study might be taken as supportative for the sequential 
theorists in that, as seen in Table 5, three position (SPs 7, 
11, 13 and 14) stimuli had longer DTs than did two position 
stimuli, which in turn had longer DTs than did one position 
stimuli. However there is conflicting evidence in that SPs 
5 and 10 (two position stimuli) were in the three position 
stimuli grouping, and the four position stimuli (SPs 0 and 
15) were quickest of all. Yet the apparent conflict with the 
sequential theory isnot valid, for if Ss were processing 
sequentially one would expect the results which occurred. 
For example, if Ss sampled the perimeter of the square, and 
presumably could go in any horizontal or vertical direction 
from the first critical element they sampled, it seems 
reasonable that SPs 5 and 10 should take as long as SPs 7, 
11, 13 and 14 since the scanning system would have to cover 
the same number of elements since SPs 5 and 10 are the 
diagonal stimuli. Similarly, with the four position stimuli 
there are basically no critical elements thus the comparator 
mechanism would not have to be searched for elements and one 
would expect faster DTs for SPs 0 and 15 (See Appendix) . 
RT has been shown to be biased by frequency of 

stimulus (Orenstein, 1970). In the present experiment, since 
each pattern occurred an equal number of times in a random 


fashion, Ss were unable to predict which stimulus would be 
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20 
presented. However, there necessarily occurs an imbalance 
in frequency for one position, two position, three position 
and four position stimuli patterns. In a trial run of the 
sixteen patterns one position patterns occur four times (SPs 
1, 2, 4, and 8); two position patterns occur six times (SPs 
3, 6, 9, 5, 10, and 12); three position patterns occur four 
times (SPs 7, 11, 13 and 14); and four position stimuli occur 
twice (SPs 0 and 15). Any stimulus bias which might occur 
with increased frequency of the two position patterns is 
perhaps negated by the increased uncertainty of which of the 
two light patterns are being presented. In other words, an 
explanation of SP differences here does not appear to have a 
frequency or probability basis. 

The arrangement of mean DTs,as in Table 5, also rules 
out the possibility that the difference between patterns is 
due to numeration alone. For example, SP15 had the lowest 
DT of all patterns; SP8 had a mean DT less than SPs 3, 4, 5, 
6, and 7; and SP 12 had a lower mean DT than SPs 9, 5, 7, 10, 
andnlibe 

The arrangement of means from fastest to slowest 
indicates that if a classification for the patterns could 
be formed, then it would be most probably on a basis of the 
number of critical elements in any particular stimulus 
pattern. Thus, SP 1 has one critical element and should have 
a mean DT quicker than a two element pattern such as SP 9, 
similarly, SP12 would have a mean DT quicker than the mean 


DT for SP7, a three element pattern. With the exception of 
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SPs 5 and 10, this categorization appears to be substantiated. 
Thussthesresults fit fairly mete into the hierarchical model 
of Neisser (1967), and a similar model of Marcel (1970). If 
the SPs are grouped by number of critical elements the mean 
DTs for each group are reasonably equivalent, suggesting a 
Simultaneous mode of processing. It is not important where 
the critical items are located, merely how many critical 
items occur in each presentation. Presumably all one element 
patterns should be processed equally fast, as should the two 
element patterns and so on. The results then fall in line 
with the theory that in a CRT task the more items to be 
monitored and decided upon, the longer the decision process. 

As can be seen in Table 1, actual stimulus presented 
and stimulus value are not the same for each treatment group. 
To this point, the patterns effect discussion has been 
entirely with regards to stimulus value. In Table 4, the 
reader can compare the summaries of the analysis for the 
experiment when patterns were ordered by stimulus value and 
when patterns were ordered by actual stimulus presented. 
The stimulus value interpretation appears to be the correct 
one for this experiment for two reasons. First, the mean 
square for the patterns effect is larger when patterns are 
ordered by stimulus value. Secondly, the patterns by Ss 
interaction is larger when patterns are ordered 
by actual stimulus. However, the large F ratio 


for the patterns effect resulting when patterns 
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29 
are ordered’ by “actual *stimulus cantiot be™“ignored.-""1t* 18s 
evident that Ss were perhaps optimizing under certain 
conditions and not operating strictly according to their 
instructions. For example, it is quite probable some Ss in 
the LOFu group would be recoding some of their patterns and 
responding similarly to the LONc group. This could account 


for the large degree of S variability in the experiment. 


Light on/off stimuli. The experiment did not indi- 


cate a Significant difference between on-off stimulus treat- 
ment groups. Consequently, the second hypothesis, which was 
stated in the null form, was not rejected. 

Evidence from Pease and Sticht (1965) implicates that 
offset reaction, for the foveal area at least, should be 
quicker than reaction to onset stimuli. Contrary results 
were indicated in the pilot study. There are perhaps several 
plausible explanations for the non-significant difference 
between groups in the present experiment. Firstly, this 
study involved a complex stimulus which meant Ss had to make 
one of sixteen decisions for each presentation, whereas in 
the Pease and Sticht experiment the task was strictly simple. 
Thus it is quite possible that any true difference between 
onset and offset reaction is negated by the increased 
processing time required in a choice situation. 

Secondly, four treatment groups were used in this 
experiment as compared with two (LONc and LOFc) in the pilot 


study. 
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Thirdly, the primary analysis was conducted at a 
later learning stage than in ‘hrs pilot study. Consequently 
Ss would presumably be better practiced, thus operating at 
close to their minimum processing time and differences 
between groups would be harder to detect. 

Fourthly, S variability as indicated by the highly 
Significant F ratios in Table 4, would undoubtedly hinder 
the possibility of detecting a difference between groups 
unless the differences were very large. 

While no difference between humans' capacity to 
respond to onset and offset stimulation can be concluded 
from this study,.it is interesting to note that.Ss in. the 
LONc group on the whole reacted faster than did Ss in the 
other groups. Mean DTs for each group are indicated in 
Table 6. The direction of these results are in agreement 


with the pilot study. 


Change versus unchanged stimuli. As there was no 


significant difference between groups who responded to the 
changed elements of the display and the groups who responded 
to the unchanged elements of the display, the third 
hypothesis, which was stated in the null form, was not 
rejected. 

In the Simon, Craft and Webster (1971) experiment 
Ss reacted faster to the changed element in both onset and 
offset trials. On onset trials, reactions were faster 
toward the light which went on than toward the light which 


remained off. On offset trials, reactions were faster toward 
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the light which went off than toward the light which remained 
on. An examination of the treatment group means in the 
present experiment indicates a similar organization, although 
not significant. Average DT for Ss in the LONc group was 707 
msec aS compared to 745.4 msec for Ss who responded to the 
lights which remained off. Similarly, the average DT (744.7 
msec) for Ss in the LOFc group was faster than the average 
DT (769.8) for the group of Ss which responded to the lights 
which remained on (see Table 6). 

While the phenomenon of Ss reacting quicker to the 
changed element of the display has been demonstrated through 
an examination of means it probably was not statistically 
Significant.in the analysis because. of the large S variability 
and the relative lack of power for the between factor of a 
split plot arrangement. 

Quicker reactions to the changed element of a 


stimulus is an important motor performance consideration. 


Trials. Learning over trials did occur, as expected, 
however the learning curves for treatment groups did not 
differ significantly consequently the fourth hypothesis, 
which was stated in the null form, was not rejected. Table 
7 is a summary of the analysis of groups by patterns by all 
trials. There was not a significant groups. by trials inter- 
action. The learning curves for the treatment groups are 
illustrated in Figure 4. While no significant difference 


was indicated between learning curves, examination of Figure 4 
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TABLE 7 


SUMMARY OF THREE WAYS ANLYSIS OF 
VARIANCE - OVER ENTIRE EXPERIMENT 
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indicates that LONc group had quicker DTs throughout the 
experiment. That is, the LONc group reached criterion level 
earlier than other groups. This finding is in agreement with 
the finding that there was a significant difference between 
LONc and LOFc groups in the pilot study. Further examination 
of Figure 4 reveals that at the level of practice which the 
previous study was conducted (30 trials) the difference 
between LONc and LOFc groups is approximately 150 msec. 

The difference between trials 46, 47, and 48, the 
final trials of the experiment, was not significant at the 
0.01 level, consequently the fifth hypothesis was not 
rejected. The mean DT over all conditions for the 46th 
trial was 759.5 msec. The mean DT for the 47th trial was 
734.4 msec and for the 48th trial the mean DT was 732.4 
msec. Figure 4 indicates that DTs for the different 
treatment groups have levelled off. 

What effect further practice would have on DTs for 
the different treatment groups can only be conjectured at 
this point. One very important effect which could be 
elicited is that Ss could become less variable thus enhancing 
E's chances of detecting a real difference between the treat- 


ment groups as studied in this experiment. 
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CHAPTER 5 


SUMMARY AND CONCLUSIONS 


Summary 


The purpose of this study was to examine the nature 
of processing with a complex task requiring sixteen stimulus- 
response codes, and the stimulus properties controlled to be 
either: a light coming on; a light remaining on; a light 
going off; or, a light remaining off. The experimental 
design was a three-factor split-plot Peotone with one 
between and two within factors. Decision time in milliseconds 
was the single dependent variable. The subjects were 
sixteen right-handed male physical education students. 

From a review of the literature five null hypotheses 
were formed: 

1. That there was no significant difference between 
stimulus patterns, since essentially each pattern offered 
the same amount of information. 

2. That there was no significant difference between 
light on-off stimulus treatment groups. 

3. That there was no significant difference between 
treatments when grouped by changed and unchanged stimuli. 

4. That there was no significant difference between 
learning curves for each of the four treatment groups. 


5. That there was no significant difference between 
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Trials 46, 47, and 48 of the experiment. 
The collected data were treated by analyses of 


variance and Duncan's New Multiple Range Test. 


Conclusions 

Of the five null hypotheses, only the first was 
rejected. It was concluded, following the multiple compari- 
son of stimulus patterns that subjects were processing 
sequentially in this task. 

While no significant difference was indicated 
between treatments, the subjects in the "light coming on" 
group had the quickest decision times and reached the 
criterion level soonest. The direction of the results also 
indicated that in a complex task the changed stimuli will 


result in a faster decision time than unchanged stimuli. 


Further eDEFeCeLon 

While subjects in this study had reached a criterion 
level of learning, further practice would inevitably reduce 
the high subject variability. Also recommended are the use 
of either more subjects per treatment group, or a different 
more powerful experimental design. 

Utilization of more sophisticated apparatus such as 
an automatic stimulus changer and a paper punch recorder 
would enable subjects to attain a higher level of competency 


in a shorter time span. 
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APPENDIX 


Instructions to Ss in LONc Treatment Group 

"Sit before the response panel such that your right hand 
is poised over the center initiating switch. Focus on the 
stimulus box. When you depress the center switch any combin- 
atiensos thew ounslights could come.on orestayeore. ehy.our 
task is to code the patterns. The lower left hand light is 
equal,.co, sone, the upper left handselightsis-.equal ato two, the 
upper right hand light is equal to four, and the lower right 
hand light is equal to eight. Any combination of lights 
coming on, then, can be coded from zero to fifteen. For 
example, if the lower left and upper right lights come on the 
answer is five and you should respond as quickly as possible 
by releasing the center switch and depressing Number Key 5. 
It is extremely important that you react as quickly as possible, 
however you must not release the center switch until you have 
the answer. After each response call out which pattern you 
perceived and wait for my 'ready' signal before initiating 


the next stimulus." 


Instructions to Other Treatment Groups 

As above with the following exceptions: 

1. Subjects in the LONu treatment group were told to 
respond to the lights which remained on. 

2. Subjects in the LOFc treatment group were told to 


respond to the lights which went off. 
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3. stlbjects in the LOFu treatment group were told ‘to 


respond to the lights which remained off. 
Cra cicamee lomentsuol SPsa0randea lS 


If one considers there to be four critical elements 
that can change in the display, then for SP 0 there is essen- 
tially no change in any of the four critical elements and for 
SP 15 all four critical elements change. Presuming that the 
four lights could be seen at the same time (visual angle 2°) 
the decision required when all lights changed or did not 
change becomes the simplest of all 16 patterns. The choice 
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